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|l. Description of the spin state in high energy reactions

> Spin 1/2 particles
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> Spin-1 particles
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Introduction: The concept of electron spin

FFREFESETYEERALR

\
43 ALi&(Balmer’s formulae) > BFHE
& 4544 (fine structure) -  HBFHEIE
B 5 4454 (hyper-fine structure) > JRFBEE
2 3{i 7% (Lamb shift) - BFIH
J
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Introduction: The concept of electron spin

BT B HERY A I

Die Naturwissenschaften 13, 953-954 (1925)

Heft 47.
20. II, 1925

] Zuschriften und vorliufige Mitteilungen, 953

Ersetzung der Hypothese vom unmechanischen
Zwang durch eine Forderung beziglich des
inneren Verhaltens jedes einzelnen Elektrons.

in Ubereinstimmung zu kommen, muB man also diesem
Modell die folgenden Forderungen stellen:

a) Das Verhiltnis des magnetischen Momentes des
Elcktrons zum mechanischen mul far die Eigen-
rotation doppelt so groB sein als fir die Umlaufs-
bewegung?).

b) Die verschiedenen Orientierungen vom R zur
Bahnebene (oder K) des Elektrons mufi, viclleicht in
Zusammenhang mit ciner HEISENBERG-WENTZELSchen
Mittelungsvorschrift®}, die Erklarung des Relativitits-
doubletts hefern kénnen.

G. E. UHLENBECK und S

Teiden, den 17 Oktober 19235
Instituut voor Theoretische Natuurkunde,

Es ist mir ein Bediirfnis, festzustellen, da Prof,
W. J. pE Haas mir schon vor einigen Monaten die
Apparatur fir ein sehr interessantes Experiment zeigte,
das sich ebenfalls mit dem Problem der inneren Rota-
tion des Elektrons beschaftigt. Obwohl mir die be-
treffenden Ideen von Prof. pE Haas seit liangerer Zeit
bekannt waren, batten die Herren UHLENBECK und

GOUDSMIT.

204

NATURE

[FEBRUARY 20, 1926

Letters to the Editor.

[The Editor does not hold himself responsible for
opinions expressed by his correspondenis.  Neither
can he undertoke lo return, nor fo correspond with
the writers of, rejected manuscripts intended  for
this or any other part of NATURE. No notice is
taken of anonymous communications.]

Spinning Electrons and the Structure of Spectra,

this moment of momentum is given by Khj2r, where

K=4, 3, 4. The total angular momentum of the
atom is Jhjzr, where [=1, 2, 3. The symbols K
and ] correspond to those used by Landé in his
classification of the Zeeman effects of the optical
multiplets. The letters S, P, D also relate o the
analogy with the structure of optical spectra which we
consider below. The dotted lines represent the
position of the energy levels to be expected in the
absence of the spin of the electron. As the arrows in-

€electron.

the new interpretation.

In conclusion, we wish to acknowledge our indebted-
ness to Prof. Niels Bohr for an enlightening discussion,
and for criticisms which helped us distinguish between
the essential points and the more technical details of

Instituut voor Theoretische Natuurkunde,
Levden, December 1925.

S. GOUDSMIT.

Having had the opportunity of reading this inter-

GoupsMrt, als sie mir kirzlich die obigen Uber- the correspondence between classical mechanics and

legungen mitteilten, davon keinerlei Kenntnis. the quantum theory. N. BoHRr.

— P, EHRENFEST. Copenhagen, January 1926. -
Fudan2022 202248, Z L 7




Introduction: The concept of electron spin

GEORGE UHLENBECK AND THE
DISCOVERY OF ELECTRON SPIN  cockeretier Universiy, in New York. tie based this anicie on

his presentation at APS’s Uhlenbeck Memorial Symposium,

# Th owl depicted on the gt gG gUhlbk A :
How two young Dutchmen, one with Tt ov wear—*Uhlenbock® i Ger s held in Baltimore on 3 May 1989.
only a master's degree, the other b ok”—derives from his tnily'enont f s, Fhsshicha
a graduate student, made a most f, n the glf o o gldty ;\ wl Sl i
important finding in theoretical ﬂ gy, In plem langage, it depits Mw,thth a  O4  PHYSICS TODAY  DECEMBER 1989
atomic physics.  turnedtoward you, sitting on a tree tru Sk tn gl ol
wh h rises up out of a silvery brook. (I owe h

cription of the Dutch blaz into English heraldry to

Abraham Pais Mlchael Maclagan, the Rlchmond Herald in the College of
Arms. in London )

(585 7] 7 5

BFAE (SH 5% esdipidis <
BNHD B E Sk Tl 2 LR
s=1/2

B et e

BRER T g, = RIS B 518 3) FMXHES), S

A HAER?
B ePLER & R L FAXT RIS BN

1 dv - 2022 7 DS
Vls(r) - -

Thomas precession y

w

2m? rdr
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Introduction: The concept of electron spin

Dirac equation for free particle: i%t]} = Hy H=a -p+pBm
(1) Dirachi-¥ % B ig12K 52K+
[ﬁ, f] = —igxp

. AN = 1 - =S — rxXo
(2) DirachLfHIMiFEgs =2 M = qF v:zqrxa:g(?g rza)

o
. (8 o, (E-m)§=6-pn __ G-p
waammDach s ¥=(y) Ap=rp 0B P
<¢|M|¢> T E+ mj d’r&* (L +0)¢ Non-relativistic limit: E~m > |1_9’|~V(r))

(3) DirackiFHIspin-orbit coupling
220 HPIESDirackiF H=¢-p+pm+ V(r) Hpr§ = Eé’A
g p2 dv G-L dv r-p
f =M v T rdrE+m-v? ‘rdr(E+m—V)?

V+

|A,%] = 2iaxp [ﬁ,ﬂ:O 7=i+§ §:(§ ;) ‘
X

J

but this is NOT the non-relativistic equation! ¢ is not normalized, ﬁeff is not Hermitia
The correct form is obtained by using the Foldy-Wouthuysen transformation.

)

Fudan2022 20224F8H, # L

9



Spin-orbit coupling in systems under strong interaction

i 16) ___ (184)
At the hadron level ) e o ymas—, S R
4 et D ) — (e
- 0
6hw :;2 :":‘:“7:: li”;g 3d5'7 S6)— Eiig;
Nuclear shell model S S —
) Sy i (14) — (126) — 126
) 30 2) — (112)
| } R e — 0 —
Sho | —2f ——=77 2 2,
™ 07 wid Thy, = o p—
- ——— " —1h —
3 lhyp (12) — (82) — 82
, g n — (10
Nobel price 1963 ', |~ > — @ — @
even o lg7n 58{ — 558%
M.G. Mayer, J.H.D. Jensen (1948) & 1o, 5 (10) ___ (50) — 50
. Pi (2) — (40)
ho [— Bp—= T . © — 69
= [14 - » ° . lf_-:: ------ lf7)2 p3"2 58{ S— 528{
LS-coupling = “magic numbers =
2hw {— 2s %07 1dyo Q _— (16
St Id —%eeol 1ds, (6) — (14)
Ipsn 2 — 8 — 8
lohdg) — lp—=t Ipsn 4 — (6)
0 — ls—— - 1812 Q) — Q) —2

M.G. Mayer and J.H.D. Jensen, “Elementary Theory of Nuclear Shell Structure”
Wiley, New York and Chapman Hall, London, 1955.
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Introduction: The concept of electron spin

Three characteristics of spin

EF " -
HxTie °’ J—
SmEHEES 00 o 5 5

FHEETHRIEE

By the way
g = 2, point-like; g-2 experiments, test of QED, new physics.
Anomalous magnetic moment:

g # 2 significantly different from 2, composite nature of particles;
e.d. u, = 2.97uy , oy = —1.91py the first signature of structure of nucleon.

Fudan2022 20224F8H, # L 11
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Description of spin states: spin-1/2 particles

BRTRE  JemExtetER |
=05 u=(] o) =G %) @=( 5

6, & (m) = m&,(m) fz(+)=(3) fz(—)=((1’)

w)

Forany n = sin@cos¢ e, +sin@sing e, + cos § e, , we have
0
o cos
Op=0"M Onén(m) = mé,(m) E,(+) = 0
sin — e'?
2 J
a & |b| . |alb
Forany & = ., wehave 6,6 =¢ tan—=— ip —
y €= (p) n$ M7 ¢ T ibla )
. o~ = ~ 1 £ 1 P
Forany O,wehave O =0,1+0y-0 0, :ETrO OV:ETI‘(O'O)
J
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Description of spin states: spin-1/2 particles

BRI TOIRAS MR BT ]
, é—z (m) azfz(m) — m%—z (m)
Pps(x) =u(p,s)e?  u(p,s)=N| o- p
fz( ) >, u(p,S) # mu(p,S)

M|

Helicity (ME5EEE) h = Wf_j hu(p,A) = Au(p, ) ]

$n(4) 5.3
u(p,A) =N E—m th(l) = A& (1)
(lh+mﬁQJ
.0
92_
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Description of spin states: spin-1/2 particles

ANNALS OF pHYSICS: T, 404-428 (1959)

(hell

Helicity CUZHERE) h=—r

1P| On the General Theory of Collisions for Particles

with Spin™
M. Jacost axp G. C. Wick

Brookhaven National Laboratory, Upton, New York

This has been done by Stapp (6) for collisions between spin-15 particles and by
Chao and Shirokov (7)" for particles of arbitrary spin. In either case, the authors

7. Cnou KuanG-CHao AND M. 1. Sviroxov, J. Exptl. Theoret. Phys. (U.S.S.R.) 34, 1230
(1958) ; translation: Soviet Phys. JETP T, 851 (1958).

* Note added in proof. We have rerently reeeived a copy of a paper by Chou Kuzng-Chao
[J. Expil. Theoret. Phys. (U.8.8.R.) 36, B09 (13591] in which a treatment 1s given which ap-
E%B pliea when one of the incident particles has zero muss,

(@ Only for particles with given p
@ Neither additive nor multiplicative

® Lorentz invariant for m = 0, helicity=chirality

@ Helicity conservation: scattering: hy;, = hyipq
pair creation/annihilation: hparticte = —Ranti—particle

Fudan2022 20224F8H, # L 15



Description of spin states: spin-1/2 particles

Chirality and helicity
(1) Chirality (FEHE) € X585
Ys=iVo¥1V2¥s Yi=V¥s sV} =0 ys =1 Ys = ((1) (I))
ysh=4P  A=+1 = Yr=501¥)V p=yp, +Pp
Py = Pl + PLpg PYlg =P, =0
VY =P g + Py Y = Prpr =0
PP = Pry Py + Pry Pp YuY P = Yry*h, = 0

(2) #m = OHY, chirality=helicity

o= (2) =52
R = (30) =uw s ueb = (§3)=uw-

Fudan2022 20224F8H, # L 16



Description of spin states: spin-1/2 particles

Dirac spinorf{jbilinear covariants (£ &)

(1) The independent I'-matrices
Inthe 2x2 case: (I, 0y, 0y, 0;) {00/} =28 Tro; =0 Tr(o;0)) = 26
For a given O: 0 =0l + 3’,, 0 0= %Tr(ﬁ) 3}, = %Tr(ﬁ&’)
In the 4x4 case: I, ={LVs5,YwV5Yw 0w} 16 independent I-matrices
TIT,, =O0besides;, =1. T2=+I  Tr{I,0,} = +t48,,
Yi=vs, YL =vovu¥o s¥w)'=ve¥s¥)¥o 0l =Yoo Yo

Foragiven0: 0 = 0,1 + Opys + Oy, ¥* + 04, ¥5V* + Oy 0™

0, =+, Tr(0r,)

Fudan2022 20224F8H, # L 17



Description of spin states: spin-1/2 particles

Dirac spinorf{jbilinear covariants (XUZk{:1Hh2E)
(2) The bilinear covariants

Py scalar ?17"11 = 17"/1

Pysy pseudo-scalar PYyysy = yYysy

Yy P vector Py, = Py
YYsVu P axial vector PYysy W = —yPysy'y
Yo, P tensor Py, = Pty

Fudan2022 20224F8H, # L 18



Description of spin states: spin-1/2 particles

Polarization vector of a spin-1/2 particle system

The spin density matrix P = z Ja laXal normalization Trp = 2 g, =1
a a

Average value of 0: (0) = Tr pO Probability in the state |): Py, = (p|pl)

We choose a basis, e.g., the helicity basis |1), where A = +1,

par = APIA) = ) go (Ala)(ald)

a

. (P++ P+ —)

Py P__ is @ 2x2 Hermitian matrix.

1 —
We decomposeitas p = 2 (1+P-0)

P= Tr(po) = (o) is the polarization vector of the system.

Fudan2022 20224F8H, # L 19



Description of spin states: spin-1/2 particles

Polarization vector of a spin-1/2 particle system in a pure state |p, n)

Non-relativistic, the spin state is given by the Pauli spinor £(n)

0
o -n¢(n) = &) £(n) = COHSE
sini el?

G- p
The helicity state is given by (1) where ﬁfh(/l) = Ap(4)

p=In)n|  pur=@pIA) = (Aln}nl|a)  (An) = & (A)EMm)

take p = |p|e, as an example where we have §,(+) = (1) &,(-) = ((1))

0
HOHOE cosy coszg %sineei"’ 3
0 . p= P =Tr(po)=n
E;—z(_)g(n) — Slni e'¢ %Sineei(P sin? g

Fudan2022 20224F8H, # L 20



Description of spin states: spin-1/2 particles

Polarization vector of a spin-1/2 particle system in a pure state |p, n)

Relativistic, the spin state is given by the Dirac spinor |p, n)

¢(n) cosg
lpn)=N| p-& N where @ - né(n) = &(n) §(n) = 92
E+m sinE e'?

£n (D) 5.5
The helicity state |p, 1) |p, ) = Alpl where ——&,(4) = A&, (4)
() Ip|

Alp|

(In) = (p,Alp,n) = Nz[s‘h(l)f(n)+€h(l) s‘(n)] & (DEm)

E+mE+m
,0 1 :
cos“=  =sinfe'? _)
—> p= 2 2 g P =Tr(po) =n
—sin@ i@ £ 2
5 sinfe sin” 5

Fudan2022 20224F8H, # L 21



Description of spin states: spin-1/2 particles

Four dimensional polarization vector and spin projection operator of a spin-1/2 particle

In the rest frame s =(0,5) p-s=0

| s (PS5, (P-9)P
In the moving frame m '~ m(E+m)

1 p m( p
Longitudinal polarizations || p: s |p| P Avﬂ + 1— O,% - AE
- B/ “m TE\"B) Tm
Transverse polarizations L p: s, = (0,5,,0)

P D
= =Av—+ A—
S = S||+SJ_ vm+ < | |>+SJ_

Space reflection:  P* = (Po, P) = P* = P = (Po, —D)

st = (s9,5) » —3H= —Su = (—S0,5)

Fudan2022 20224F8H, # L 22



Description of spin states: spin-1/2 particles

1
The spin projection operator u(p,s)u(p,s) = (p+m) 2 (1 + ys8)

$(s)
u(p, s) =N< p-o > where @ - s¢(s) = &(s) E(s)ET(s) =%(1+6’-§)
E+m€(s)

—>

f(s)f*(s) S OTOF s )
. _’ 1_9’ p;

u(p,s)u(p,s) =

O AR

E_m1[1—3-s+pi(p-a)(§.3)]

1+ POl G545 G D
B ( -5 E+m2[ "51—521’05"]

_E+m§

1 S o
0 [1—0 - s+—(p 0)(5-0)]
" E+m

2022481, £ L 23
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Description of spin states: spin-1/2 particles

: —r 1
The spin projection operator u(p, s)u(p,s) = (p+m) > (1 + ys5)

p-G
1 — 2 = = 2
E+m N (E+m —p-a) N
NZ — = = —_ = = ‘
(p-a E—m) E+m\p-0 —-E+m E+m(y p+m)

E+m _E+m

Y5=(O 1) Y5Y0=(0 _1) Ys)_;:(_a) 0) S:(ﬁ.§»§+ @).E)ﬁ)

1 0 1 0 0 o m m(E +m)
L L @-9H@-9 p-s
g-S+ -
m(E +m) m
Y5V S = = = N
p-s NN CADICAL))
m m(E +m)
R . @ HFF B
to-s 2 14 o4 m(E + m) m
0 1-F 5453 DG D) vsY B3 @@
m m(E —m)
@ 9@-9 B3
m(E + m) m
rp B3 @ HE D
m m(E —m)
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Description of spin states: spin-1 particles

Spin operator

Spin density matrix

P11 P10 P1-1
ﬁ=<P01 Poo P0—1>

P-11 P-10 P-1-1

Decomposition 5 = M1+ 2sizi 4 3 gii = X (zigi 4+ Tz — 2 15
P=31 "2 =3 30U
- §SLL + STT T LT
1 2
X y 4
LT Sir §SLL

Fudan2022 20224F8H, # L 25



Description of spin states: spin-1 particles

Spin density matrix

Polarization vector: s =(0,S,,S,,5,) = (0,5%,57,S.)

0 0 0 O
Tensor polarization: ~ Scalar Sy 0 S§7 S; O
Tensor S = Xy yy
Vector S, = (0,5%;,577,0) 0 Sy Sir O
0 0 0 O
/ 1+S5u St (Sir — iSyy) + (ST — iSp) 1T — iSqy \
3 2 2+/2 2
5= (Sir +iSyp) + (ST + iS)) 1-2S;; (—=Sir +iS)r) + (SF —iS))
22 3 22
\ 11 + iSpr (=Sir — iSyy) + (SF + is) 1+S, S, )
2 242 3 2

x Ao -
. transverse r f \ v _ /
plane v ) Sir = O B O Sir= Q)T

4 - + -
z SiL = — ’ _ 4 /

v = 0-0 = 0-0
See e.g. A. Bacchetta, & P.J. Mulders, PRD62, 114004 (2000). / N
Fudan2022 20224811, b 26
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Polarization measurements: hyperon polarization

Two body decay 4 - 1 + 2 In the rest frame of A

* 2%

pA — (MA; Ol O; O) pl - (E;’l_’);) pZ = (EZ’ pZ) I_’); — _pz = p
Pa=DP1+ P2 E; = (M5+m%—-m3)/2M,

For unpolarized (or spinless) A, the decay product is isotropic.

d3N 1 dN 1

Bp, 4w 6(Ip1l = 1p*) a9~ 4

For parity conserved decays of A, the decay product is isotropic.

For parity violating decay of the hyperon,

v _ 1 1+T5Fi _1 1 + aP cos 0"
do " an AP 1551) = g 1 T AP c0sO)

Spin self analyzing parity violating weak decay of the hyperon A.

a: the decay polarization parameter,
measured experimentally and can be found in PDG.

Fudan2022 20224F8H, # L 28



Polarization measurements: vector meson |

ConsiderA - 14+ 2  intherest frame of A
Suppose A is in the spin state |S 4, M 4), the final state particles have helicities A, and 4,.
The decay amplitude is A,,(B; 11, 1;) = (B; 11, 2,|U0|S,, M)
Applying total angular momentum conservation
A (D5 A1,42) = (D5 A1, A2 |E, Sp, My; A1, 1, (E, ] = S5, M = My; 14, 2;|U0|S 4, M)
Space rotation invariance demands
(S, Mg; 21, 25|U0[S4, My) = (Sa; 41, 2,|U|S4) = Hs, (A4, 23)

Helicity amplitude, independent of M 4, independent of angles (0, ¢).

Hence A, (D5 241,42) = (D; A1, 42184, My; A4, A3) Hg, (A4, 43)

The angular dependence is determined

by the calculable state projection (D5 A1, 42|54, M g5 44, 42)

Fudan2022 20224F8H, # L 29



Polarization measurements: vector meson |

Calculation of (p, 0, @; A1, 4;|p, ], M; A4, 43)

1/2
It can be shown that (p,0,0; 44, 4;|p,J,M; 14, 4;) = (

41T

! )

ny rotation can be described by three Euler angles («, 5,v)

2]+1)

(1) a rotation of angle a around z-axis (x,y,z) - (x',y',z)

(2) a rotation of angle B around y’-axis (x',y’ z") - (x",y",z")
(3) a rotation of angle y around z™-axis (x",y",z") > (x"",y"",2'")

The rotation operator R (g) = e~ieJn
ﬁ(a» ﬁi Y) — ﬁz”(Y)ﬁy’ (ﬁ)ﬁz(a)
sz’ (ﬁ) = kz(“)ﬁy(p)ﬁgl(a)
\_ R(a,B,7) = R,(@)R,(B)R,(y) = e~ iUze " Flye=ivI: )

|pr 9; ‘P; A]_; AZ) — ﬁ((P; 9; _(P)lp; O; O; )'1) AZ)

Fudan2022 20224F8H, # L 30



Polarization measurements: vector meson |

The Wigner rotation matrix (jm'|R(a, B, y)|jm)

R(a, B, Y)lim) = ) |jm') m'|R(a, B, p)ljm) = > DI, (a,B,7) ljm’)

ml

D), (@ B.y) = (m'|R(a, B,y)ljm) = e“m'ae=m" (jm'|e~ P |jm) = e=im'a-inral ()
& (B) = (jm'|e"#ly|jm)

= [(l +m)! (] —m)! (] +m’)! (’ — m')!]l/z

2j 2k-m+m’
min{j+mj-m'} (cos g) (tan g)

G+rm—-Kk)!(G—m' —k) k! (k—m'+m)!

X

k=max{m-m',0}

1+ cosp sinf 1—-cosp
[ - \

B . B 2 N3 2
di/2(B) = COS? Smf 1 sin 8 sin 8
-\ B B d*(B) = 7 cosp = — NG
sz COSE \1 —cosff sinff 1+cosp
2 V2 2 /

Fudan2022 20224F8H, # L 31



Polarization measurements: vector meson

The inner product
(D; A1, 42|54, My; 24, 23)
=(p,0,0;A1,22|RT (9,0, —)|S4, My; 11, A3)
= Z(p» 0,0; A1, 23 |Sa, My; 21, 22)(S4, M)s; 11, A2|RT (0, 0, — ) |S 4, M 4; A4, 13)
M;l M:‘l =A= Al — Az

=(p,0,0;A1,22|S4, 4,11, 22)(S4, A; 11, 22| RT (0,0, —p)|S 4, M 4; A1, 15)
1

2] + 1\2 ..
=< an ) D13 (9.6, =)

The decay amplitude

A (D5 21, 42) = (B A1, 22|U0[S4, M)

=(P; A1, 42|84, M y; A4, 23) Hg, (A1, A3)
1

7 *
) D3 (0. 6,-@)HAGs, 22)

(o
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Polarization measurements: vector meson

Suppose the spin density matrix of Ais P4 = z IMa IS4, MaXSa, M|
My

The spin density matrix of the system (1,2) is P12 = z 9m,UISa, My)(Sa, My|UT = Up, U
My

The angular distribution

wW@,¢)=N Z (D; MA2| P121P; 1442) =N Z (D5 1122|1U py UT|B; 2125)
A,42 A1,42

=N Z (D5 A122| U |S4, M) (Sa, Mg|Pa |1Sa, My }(Sa, My |UT|D; A12;)
A1,42;M4,M

=N Z Am,(D; 1422) Ay (B; A142) (S, MalPa |Sa, My)
A1,42;M 4,M,

=N Y HaGu, )P D} (0,0,~ @)D (0,6, 0)(Malps M)
A1,22;M 4,M}
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Polarization measurements: vector meson |

ForV — 1 4+ 2, where 1 and 2 are two pseudoscalar mesons, we have S, = 1,4; = 4, =0
eg.,p o nw

W(O0,0) =N > |Hal2 D,o(.6,~9)D}y: (9,0, ~)(MalpalM})
Mg,M/,
3 1 " 5
= E{E (P11 + P-1-1) sin® 6 + pgg cos* 6

1
—ﬁsin 20 [cos ¢ (Rep1o —Rep_19) —sinp (Impyo + Imp_1¢)]

—sin? @ (cos 2¢p Repy_4 — sin2¢ Imp;_4)}

2w 3
| o W(®.0) = 711~ poo) + Bpon — 1) cos? 0]
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Polarization measurements: vector meson |

ForV — 1 + 2, where 1 and 2 are two spin-1/2 Fermions, i.e., S, = 1,41 = i%, Ay, = i%

consider the case: (1) Helicity conservation: 4, = —1, ,4 = +1
(2) Space reflection invariance: H, (A1, A;) = Hy(—A4,—4,)

only one independent helicity amplitude

eg, J/Pp - ee”
W, p) = (Lt pod) [1+ A cos® 6 + 4, sin® 6 cos 2¢ + A¢,, sin 20 cos ¢
+23 sin? 8 sin 2¢ + A5, sin 26 sin @]
_ ﬂ A = % _ \/ERG(Pm — P_10)
0_1+p00 @ 1+p00 90 — 1+p00
2L = 4lmp;_4 P V2Im(p19 — p_10)
¢ 1+ Poo ¢ 1+ Poo
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Polarization measurements: Hyperon decay

ForH - Nm, S, =

W@, ) = yy- (1+aPcosfO +asinfcospRep,_ +asinfsingplmp,_)

N | =

2

1
;Al — izl )'2 —

0

@) -l )
ma )|+ ma (-3)]
P=p,y—p—-

1
If space reflection invariance H, (E)
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